Background: We aimed to assess the management and outcome of occult pneumothorax and to determine the factors associated with failure of observational management in patients with blunt chest trauma (BCT). Methods: Patients with BCT were retrospectively identified from the trauma database over 4 years. Data were analyzed and compared on the basis of initial management (conservative vs. tube thoracostomy). Results: Across the study period, 1928 patients were admitted with BCT, of which 150 (7.8%) patients were found to have occult pneumothorax. The mean patient age was 32.8^13.7 years, and the majority were male (86.7%). Positive-pressure ventilation (PPV) was required in 32 patients, and bilateral occult pneumothorax was seen in 25 patients. In 85.3%
INTRODUCTION
In BCT, the presence of air in the pleural space is referred to as pneumothorax, which has been reported in up to 55% of cases. 1 However, the primary diagnostic modality for screening pneumothorax in the emergency setting is chest radiography; it has lower sensitivity, which increases the chances of misdiagnosis (30%-40%). 2 -4 The most accurate diagnostic tool to detect blood or air in the pleura in the initial trauma setting is the thoracic computed tomography (CT) scan, which has .95% sensitivity and is the gold standard tool for detecting thoracic lesions. 5 In addition, the CT scan is the modality of choice for diagnosing occult pneumothorax in trauma patients that remain undetected by normal supine chest X-rays. 6 It may be challenging to observe occult pneumothorax in severely injured patients. In such patients, the clinical concern is the risk of progression to life-threatening tension pneumothorax, particularly if the patient is undergoing positive-pressure ventilation (PPV). 7 Moreover, emergency physicians often encounter difficulty in choosing the appropriate treatment strategy for occult pneumothorax. The selection of chest tube insertion over conservative management remains controversial due to the association of more complications from tube thoracostomy than from the pneumothorax itself. 8 An earlier management strategy supported the placement of a chest tube for all clinically or radiographically diagnosed pneumothoraxes after trauma. 9 However, this practice has been changed due to the reported risk of major complications (22%) secondary to intercostal tube placement. 9 To date, we do not have an institutional guideline for the indications to opt for the initial insertion of chest tube in occult pneumothorax patients. Therefore, the important issue is to distinguish the pneumothoraxes that can be treated conservatively from those which require chest drainage. According to the Eastern Association for the Surgery of Trauma practice management guidelines, occult pneumothorax can be observed in a stable patient regardless of PPV. 10 In contrast, Advanced Trauma Life Support guidelines recommend that traumatic pneumothorax is best treated with a chest tube, especially in those requiring general anesthesia or PPV. 11 However, there is increasing evidence in the adult 12, 13 and pediatric literature suggesting that occult pneumothoraxes may be safely observed even while under PPV 14, 15 ; however, occult pneumothorax progression and respiratory distress are independently associated with the need for tube thoracostomy insertion. 12 In this study we sought to analyze the clinical presentations, management, and outcomes of trauma patients who presented with occult pneumothorax and to determine which clinical factors were associated with failure of initial conservative management in our Level I trauma center.
METHODS

Study participants and setting
This is a retrospective chart review of all admitted BCT patients who were diagnosed with pneumothorax on chest CT scan that was not evident on initial supine chest X-ray. We reviewed the trauma registry database at Hamad General Hospital, the only Level I trauma center in the state of Qatar, from November 2010 to November 2014. As per the standard of care, we also retrieved data on the in-hospital clinical follow-up, to review the erect P-A view chest X-rays (or, if this was not possible, supine films) to assess the progression of pneumothorax during the hospital course. Our inclusion criteria included all blunt thoracic trauma patients with occult pneumothorax which was diagnosed and measured by CT scan to quantify the highest perpendicular distance in millimeters from the chest wall of the largest air pocket as described by De Moya et al. 16 The exclusion criteria were all patients who had concurrent occult hemothorax on chest CT scan and those who were aged ,14 years.
Data collection
Patient demographics (age and sex), mechanism of injury, presence of lung contusions, rib fracture, chest CT scan findings (pneumothorax thickness, bilateral pneumothorax), intubation, ventilation mode, chest Abbreviated Injury Scale (AIS), Injury Severity Score (ISS), management for pneumothorax, failure of conservative management, length of hospital and intensive care unit stay, ventilatory days, and mortality were examined. Outcomes such as chest tube complications (pneumonia, empyema, and tension pneumothorax) were also recorded. Clinical follow-up was carried out to determine when the chest tube was placed as part of management and for other indications in each case with an occult pneumothorax. A CT scan was performed using 120 ml of Omnipaque injected at 3 ml/s and with a Siemens Medical Systems 64-slice scanner. Images were rebuilt with slice thicknesses of 1.2, 2.5, or 5 mm, reviewed, and analyzed by a trauma consultant radiologist. In our trauma center, there are on an average, 2500 trauma activations per year, of which approximately 1600-1800 patients require hospital admission. Roughly 80% of patients with significant injuries underwent a pan CT scan (Head, Neck, Chest & Abdomen), and the rest underwent region specific CT scan based on the anatomical region, mechanism of injury, and at the discretion of the treating physician. Occult pneumothorax referred to the findings of a normal initial chest radiograph of the trauma patient, which was later detected as a pneumothorax on a subsequent thoracic CT scan. Pneumonia: Centers for Disease Control and Prevention in Atlanta, GA, USA (CDC) criteria (purulent sputum, leukocytosis, positive culture of endotracheal secretion, infiltrate on chest radiograph, and fever) were used to make a diagnosis of pneumonia. 17 Hamad General Hospital provides trauma services to the whole population of Qatar, and it successfully achieved Trauma Distinction Accreditation offered by Accreditation Canada International. The Qatar National Trauma Registry is a database that participates in both the National Trauma Data Bank and the Trauma Quality Improvement Program of the American College of Surgeons-Committee on Trauma (ACS-COT). The Medical Research Center (IRB# 14513/14) at Hamad Medical Corporation, Doha, Qatar, has approved the study.
Statistical analysis
Data were presented as mean^standard deviation, medians (range), and proportions, as appropriate. We categorized and compared the management of pneumothorax in two groups as conservative versus chest tube insertion. Differences in categorical and continuous variables were analyzed using the x 2 test and Student's t-test, as appropriate. Yates' corrected chi-square was used for categorical variables, if the expected cell frequencies were below 5. A significant difference was considered when the two-tailed p value was ,0.05. Statistical Package for the Social Sciences version 18 (SPSS, Inc., Chicago, IL USA) was used for the data analysis.
RESULTS
Across the study period, 1928 patients were admitted with BCT; of them, 150 (7.8%) patients were found to have occult pneumothorax. The mean patient age was 32.8^13.7 years, and the majority of them were male (86.7%). The most frequent mechanism of injury was motor vehicle crash (50%) followed by pedestrian struck by a car (18.7%), and fall from a height (11.3%) ( Table 1) . Lung contusion (72%) characterized the most frequent chest injury, and 78 (52%) patients had rib fractures with a median of 3.5 ribs (range 1-12). On CT scan evaluation, the median pneumothorax thickness was 8.5 (range: 2-173) mm. Half of patients had occult pneumothorax thickness in the range of 1-9.9 mm (50.3%) followed by 10-19.9 mm (22.8%). Only 16.8% of patients had occult pneumothorax thickness of $30 mm ( Figure 1 ). Bilateral occult pneumothorax was seen in 25 (16.7%) patients. Endotracheal intubation and PPV were needed in 32 (22%) patients secondary to severe head injury (Glasgow Coma Scale (GCS) , 8). Seven patients on PPV received a prophylactic chest tube as per the discretion of the treating physician and one patient developed respiratory distress with radiographic evidence of pneumothorax progression. Figure 2 shows examples of pneumothorax in two cases. Eight (5.3%) patients required general anesthesia for surgical intervention involving maxillofacial, neurosurgical, or orthopedic procedures. Figure 3 shows a flow chart for management of patients with occult pneumothorax. Conservative On the other hand, conservatively treated patients were more likely to be involved in motor vehicle crashes and pedestrian injuries (p ¼ 0.03 for all). The overall mortality was 4.0%, and all deaths occurred during the index admission in patients who sustained polytrauma (ISS $ 29) and head injury and were treated without a chest tube. Table 2 shows the characteristics of patients who required delayed tube thoracostomy. Although it was statistically not significant, patients who failed conservative management were more likely to have frequent lung contusion, had greater pneumothorax thickness, required PPV, and were severely injured with greater ISS as compared with those who were successfully treated conservatively. 
DISCUSSION
Occult pneumothorax is a relatively infrequent manifestation of blunt chest injuries that varies in frequency from 1.8% to 6%. 6 In our center, around 7.8% of BCT patients were found to have occult pneumothorax. The present study, utilizing nationally representative data, assessed the clinical presentation, management, and outcomes of thorax trauma patients found to have occult pneumothorax on CT scan. There are several key findings of this study. First, the majority (85%) of patients who were diagnosed with occult pneumothorax could be successfully treated conservatively. Second, the leading mechanism of injury was MVC and pedestrian trauma. Third, the failure rate of conservative management was low and was more likely to be associated with lung contusion, greater pneumothorax thickness, the need for PPV, and greater injury severity. Historically, tube thoracostomy was the preferred treatment approach for pneumothorax, hemothorax, empyema, and hemopneumothorax, and at the time of the Vietnam War, it was considered as the standard of care. 18 However, placement of a thoracostomy tube is not without risk, and in some cases there may be a chance of incomplete drainage. The major complication rate for tube thoracostomy is nearly 22%, including pneumothorax after tube removal, infections (empyema or wound infection), and insertional (intercostal artery or intraparenchymal lung injuries) technical error. 19 Occult pneumothoraxes are relatively recent radiological phenomena that appeared with the upsurge of thoracic CT scans as the initial screening modalities for investigation of BCT. 6, 20 Several researchers suggest that close observation for occult pneumothorax is safer and feasible if there is no respiratory distress or progression in the size of pneumothorax on the radiographic follow-up. 21 -23 This is in agreement with our findings of a 96% success rate of expectant management in occult pneumothorax patients. Approximately 15% of patients in this series required chest tube placement. Of them, 17 patients were managed with immediate tube thoracostomy based on the attending physician's discretion, and five patients who failed observation underwent delayed tube thoracostomy. Our incidence is slightly lower than that reported by the American Association for the surgery of trauma (AAST) multicenter study and may be due to the absence of concurrent occult hemothorax, which was not regarded as an exclusion criterion in that study. 24 Moreover, none of our patients developed complications related to delayed tube thoracostomy. Given the 10-fold increase that has occurred in the use of chest CT for trauma evaluation, Plurad et al. 25 studied 1,873 chest CT results after negative chest X-rays. They concluded that the number of patients who needed treatment was small in spite of the increase in occult findings. Enderson et al. 26 evaluated the efficacy of tube thoracostomy in trauma patients with occult pneumothorax in a randomized prospective study. The authors reported that the size of initial occult pneumothorax could not predict the formation or progression of a tension pneumothorax. Patient with occult pneumothorax that requires mechanical ventilation should undergo chest tube insertion. 26 Other investigators also recommended chest tube insertion in occult pneumothorax patients subjected to PPV due to the associated risk of developing tension pneumothorax. 7, 27, 28 The current strategies for mechanical ventilation have been improved because of evidence-based medicine. Pinhu et al. 29 recommended adjustment of few parameters including an increase in tidal volumes from 8 to 10 mL/kg, peak inspiratory pressure limits of 40 -50 cm H 2 O, and limited positive end-expiratory pressure. Standard practice for the management of critically ill patients is based on decreased airway pressures and tidal volumes. The management guidelines for mechanical ventilation focused on controlling mean and peak airway pressures and very low pressures. 30 The lower tidal volumes (5 -7 mL/ kg) and average peak inspiratory pressure (18.7) were used in the current study. In our cohort, 32 patients required PPV, 26 (78.8%) were treated conservatively, and seven (21.2%) patients required tube thoracostomy; of them, two failed expectant management and later on underwent tube thoracostomy. Similar to our findings, Barrios et al. 31 reported an 80% success rate for observational management in patients with occult pneumothorax (80%) who required mechanical ventilation with PPV. An earlier study showed successful conservative management in 53% of occult pneumothorax patients requiring PPV. 26 It has been suggested that a conservative management approach can be considered in patients with mild injuries who are hemodynamically stable. Therefore, tube thoracostomy in chest trauma patients is not an essential part of the management strategy. 32 Moreover, a prior study showed that observation is at least as safe and effective as tube thoracostomy in patients with occult pneumothorax. 33 A recent study by Zhang et al. 34 also supported conservative management in occult pneumothorax due to the lower rate of complications compared with chest tube insertion; these observations corroborate well with our findings. 35 -37 
Limitations
The major limitation of the study is the single center and small sample size of patients who underwent tube thoracostomy. As this is a retrospective study, management decisions, with the placement of prophylactic tube thoracostomy on admission, especially for patients who required PPV, were not dictated by the study protocol but represented a lack of consensus in the current practice. The lack of understanding of why 17 patients underwent immediate chest tube placement could be in part explained by the physician's discretion in the lack of consensus and institutional protocols. In addition, multivariate analysis to identify the clinical predictors of failure of conservative management was impractical due to the small numbers of outcomes (five patients who underwent delayed tube thoracostomy after failed observation). The incidence of occult pneumothorax in our database may have been underestimated as we did not have an institutional protocol to follow during that era.
CONCLUSIONS
Patients with occult pneumothorax can be successfully managed conservatively with clinical follow-up as the treatment of choice. Intervention should be limited to those patients who have a pneumothorax of increasing size on follow-up radiographs or become symptomatic under observation. The initial size of the occult pneumothorax did not seem to be significant in determining the need for tube thoracostomy. Patients who fail conservative management may have a greater pneumothorax thickness and higher ISS. However, large prospective studies are warranted to support these results and to establish institutional guidelines for the management of occult pneumothorax.
